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Introduction
Recent data suggest that angiotensin (Ang)' II may be generated locally in many tissues. Components ofthe renin angioten-sin system (RAS) have been shown to be present in the heart, blood vessel, adrenal, kidney, brain, and elsewhere (1) (2) (3) (4) . Vascular renin angiotensin is of particular interest to cardiovascular investigators since its existence may have important implications in the pathophysiology and pharmacology of diseases such as hypertension, atherosclerosis, restenosis after angioplasty, and congestive heart failure. Although renin enzymatic activity (5) , angiotensin peptides (6), angiotensin-converting enzyme (ACE) activity (5) , and angiotensin receptors (7) have been detected in blood vessels, debate still remains on the origin and the relative importance of the various components. Discrepancies between reports exist on renin mRNA expression in the vessel wall, the regional localization of angiotensinogen and the presence of ACE in medial smooth muscle cells.
Such discrepancies may reflect differences in animal strains, experimental design, and pathophysiological states. For example, we reported that dietary sodium influences angiotensinogen mRNA expression in medial smooth muscle layer (8) . We also observed that after vascular injury, the neointimal smooth muscle cells express abundant ACE (9) . These data suggest that: (a) the expression of vascular renin-angiotensin is dependent on the pathophysiological milieu; (b) the smooth muscle cell has the capability of expressing the components of the RAS, given the appropriate conditions; and (c) the expression ofthe RAS in smooth muscle cells may have functional significance.
Results from in vivo studies have suggested that locally produced angiotensin may influence smooth muscle cell growth (6, 10, 11 ) . It has been suggested that local ACE plays an important role in regulating this process. However, there is no direct evidence that components of RAS can produce Ang II endogenously in vascular smooth muscle cells (VSMC) or that the vascular RAS per se can modulate VSMC growth. In vivo studies are limited by the multiple coexisting variables, by the difficulties in manipulating individual components of the RAS, and by the methodological limitations in studying the function of a local RAS in the absence of any contribution by the circulation RAS. Thus it is unclear whether vascular ACE or renin is rate limiting in angiotensin generation and if autocrine/paracrine angiotensin can influence cell growth. One approach used by many investigators to study autocrine-paracrine effects is the use of cell culture. Confluent, quiescent smooth muscle cells from dog and rat arteries contain renin ( 12) , angiotensinogen ( 13) , angiotensin receptors ( 14) , and low levels ofACE ( 15) . These cultured cells provide us with the opportunity to study the physiological responses to the manipulation of the individual components (i.e., by overexpression or inhibition). Such an approach may increase our understanding of the biology and pathobiology of the vascular RAS.
Current methods of DNA transfection include DEAE dextran, calcium phosphate precipitation, electroporation, or LipofectinTM . All ofthese methods are associated with significant cell injury which frequently results in cell death. These methods are generally ineffective for gene transfer in the intact animal. Thus, the gene transfer methods to date have not been useful in the studies of VSMC RAS. Recently, we reported an efficient and nontoxic method ofgene transfer using hemagglutinating virus ofJapan (HVJ) liposome-mediated transfer (16) (17) (18) . In this study, we (a) compared the efficiency of HVJ versus Lipofectin in transferring ACE and/or renin cDNAs into cultured rat aortic VSMC and (b) studied the biochemical and physiological effects ofoverexpression ofACE and/or renin on these cells. Our data demonstrate that increased ACE and/or renin expression in VSMC can result in enhanced VSMC DNA replication and RNA synthesis that are mediated by autocrine Ang II production and action.
Methods

Construction ofplasmids
The pUC-CAGGS expression vector plasmid (kindly provided by Junichi Miyazaki, Tokyo University, Tokyo, Japan) was (19) . They were maintained in Waymouth's medium (Gibco Laboratories, Grand island, NY) with 5% calf serum, penicillin ( 100 U/ml), streptomycin ( 1,000 Mg/ml). Cells were incubated at 37°C in a humidified atmosphere of95% air-5% CO2 with media changes every 2 d.
Preparation ofHVJ liposomes
The preparation of HVJ liposomes has been previously described (16) (17) (18) . Briefly, phosphatidylserine, phosphatidylcholone, and cholesterol were mixed in a weight ratio of 1:4.8:2. The lipid mixture (10 mg 
Statistical analysis
All values are expressed as mean±SEM. All experiments were repeated at least three times. Analysis ofvariance with subsequent Duncan's test was used to determine significant differences in multiple comparisons. P < 0.05 was considered significant.
Results
ACE activity. Fig. 1 shows ACE activity in the transfected and untreated cultured VSMC. ACE activity in CAGGS (control vector)-transfected VSMC by both cationic lipid and HVJ methods showed no difference from that in untreated VSMC. Under the condition of the transfection (35 min), ACE-transfected VSMC using the HVJ method showed twofold higher ACE activity than control vector-transfected VSMC, as shown in Fig. 1 (10-6 M) . Moreover, addition of exogenous Ang I stimulated RNA synthesis in a dose-dependent manner in both the control vector-and the ACE-transfected cells, as shown in Fig. 4 . At any concentration ofAng I, higher uridine incorporation rate was observed in the ACE-transfected cells than in control vector-transfected VSMC. The Ang I ( l0-7 M)-induced increase in RNA synthesis in the ACE-transfected VSMC was also inhibited by DuP 753 (10-6 M) (addition of Ang I to ACE-transfected cells: 41,184±335 cpm/well, vs addition ofAng I and Ang II antagonist to ACE-transfected VSMC: 27,916+4,737 cpm/well, P < 0.01). On the other hand, transfecting with increasing amounts ofACE cDNA (from 0.2 to 0.6 to 2.5 to 10 ,ug enwrapped in liposome) stimulated RNA synthesis dose dependently, as shown in Fig. 5 .
Cotransfection of ACE and renin cDNAs into VSMC.
Transfection of renin cDNA also stimulated RNA synthesis, as shown in Table I . Moreover, cotransfection of renin and ACE cDNAs showed twofold further higher RNA synthesis than ACE or renin cDNA alone. The increase in RNA synthesis in cotransfected VSMC was also inhibited by Ang II receptor antagonist DuP 753 (10-6 M) . Incubation with CM collected from ACE-transfected VSMC also resulted in significant increase in RNA synthesis of quiescent VSMC (as bioassay) as compared to incubation with CM from control vector-transfected VSMC, as shown in Table  II . This increase in RNA synthesis was significantly reduced by DuP 753 (10-6 M). In vitro gene transfer using calcium phosphate precipitation, DEAE dextran, electroporation, and cationic liposome methods have been reported. As these methods can result in substantial cell injury and death, they pose significant problems to the investigation ofthe role ofpotential autocrine mediators (e.g., angiotensin) in the regulation of cell growth using thymidine and uridine incorporation methodology. We reported previously the utility of cationic liposome for in vitro transfection and cell growth studies, but this method requires long incubation time (24 h ) and has a low efficiency of transfection (20) . In this study, we used the HVJ liposome method (26) .
In this study, increasing amounts of transfected ACE cDNA dose-dependently stimulated RNA synthesis. Moreover, the addition ofexogenous Ang I resulted in a dose-dependent stimulation of RNA synthesis in control vector-transfected VSMC, consistent with previous reports that ACE activity is present in low quantity in VSMC ( 15) . However, this effect was significantly greater in ACE-transfected VSMC, suggesting that ACE in VSMC is rate-limiting in Ang II produc- tion and consequently RNA synthesis. Similarly, our data suggest that renin is rate-limiting in Ang II generation in these cells. Interestingly, cotransfection of ACE and renin cDNAs resulted in further increase in RNA synthesis than transfection with ACE or renin cDNA alone. We have previously reported that both angiotensinogen and ACE are induced in neointimal VSMC-like cells after balloon injury (9, 27) . Our study provides additional insight into the role of RAS expression in VSMC in the autocrine regulation of VSMC growth.
